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1 What’s Railgun Gouging ?

Schematic of a railgun Gouglng In rallgun expenments
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1 What’s Railgun Gouging ?

Main hazards
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1 What’s Railgun Gouging ?

Generation Mechanism

Railgun gouging

mechanism
(impact thermal
dynamics )

micro impact

at hypervelocity

(101 ~10° us)

- parallel impact
(micro defects; rail bulge)

. normal impact
(gap; vibration)

~ plastic deformation heating

~ heat effects 4 friction heating

- Joule heating
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2 the Construction of a Simulation Model

Design model Armature sizes
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2 the Construction of a Simulation Model

Dynamic constitutive model

Johnson-cook model: o Temperature rise from plastic
_ pyn € \[1_1™™7 | strain:
o, =| A+B(c")" |(1+Cln éo)[l T | Ny
where T =T -T.)/(T_-T.) _-[0 oC “p
r m r p

. effective plastic strain rate; where O, : effective stress:

i . . _
o : referential strain rate; X : the ratio plastic work to heat;

T, : referential temperature;

T, : material's melting temperature. | Mie-Griineisen equation of state:
The strain at fracture:
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Material parameters | Armature - 7075 Al; Rail - OFHC Copper

Table 1 material parameters of armature and rail

Parameter 7075 Al OFHC Parameter | 7075 Al OFHC Parameter | 7075 Al OFHC
Cu Cu Cu
P I(kg-m-3) 2810 8960 C 0.0083 | 0.025 D, 0.13 4.0
E /GPa 71 124 m 1.7 1.09 D, -1.5 2.0
v 0.33 0.34 T, /K 933 1356 D, 0.011 0.014
c,/(J ‘kg1-K?) 960 383 T, /K 293 293 Ds 0 1.12
A IMPa 369 90 é‘o /st 1.0 1.0 Co /(M-s) 5350 3940
B /MPa 684 292 X 0.9 0.9 S 1.34 1.49
n 0.73 0.31 D, 0.13 0.54 7/0 2.0 2.0
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Contours of Effective Stress : Contours of Plastic Strain :

Velocity : 2000 m/s Velocity : 2000 m/s
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G ou g e crater Contours of Effective Plastic Strain
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Effective stress on middle section during gouging :

Time = 3.6593e-006
1 L

Contours of Effective Stress (v-m)
min=0, at elem# 1

max = 1.10766e-05, at elem# 81940
section min = 0, near node# 13420
section max = 3.08019e-09, near node# 115297

Time = 9.1418e-006 2
Contours of Effective Stress (v-m)

min =0, at elem# 1

max = 7.08007e+08, at elem# 83393

section min = 0, near node# 13430

section max = 6.11497e+08, near node# 92983

Time = 1.8295e-005

Time = 4.0257e-005
Contours of Effective Stress (v-m) ime e

3 & f Effective St 4 4
min = 5.94508¢-07, at elem# 70025 Rl AL Eecte S rese: )
min = 232859, at elem# 76029
max = 7.29098e+08, at elemi# 82494 =
section min = 9.37184e-05, near node# 25576 B by e i
section max = 5.64551e+08, near node# 93010 sechon min = | =n151et08, near nodefk 52

section max = 4 69607e+08, near node# 115049

Velocity : 2000 m/s Mises stress: ~ 700 MPa
Rail bulge size : 1 mm Pressure: ~ 7 GPa

Interaction time : 28 us Temperature rise: ~ 300 °C
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3 Results and Discussions
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3 Results and Discussions

Lode Parameter Lo
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Fringe Levels
= 4.184e+00 ]
Ve I OCIty 3.766e+00 — /
3.347e+00 _| Vv 3 000 m/s
2.929e+00 _
2.510e+00
2.092e+00
1.674e+00
1.255e+00

-~ 8.368e-01 _
100 ! g ————————————- 1.0 km/s 4.184¢-01 1

_______ 1.4 km.fs 0.000e+00
il —————— 2.0 km/s

\ 2.4 km/s

[

o0

o
1
T
—_——

Y (a)
Y

Fringe Levels
3.954e+00
3.559e+00 :. V: 1 OOO m/s

g . 3.163e+00 _1

_____ . 2.768e+00

2.372e+00

002 004 006 008 01  remew
Time (ms) 1.582e4+00

1.186e+00
7.908e-01

3.954e-01 ]
0.000e+00 _|

N
o
I

Interaction Force (kN)
(§®) N
- o
T
B ——

)

Threshold velocity : ~1400 m/s

YA (b)



NKLTP, Nanjing University of Science and Technology, China  29th |SB

. Fringe Levels
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materials
Table 2 Three kinds of coating materials
No. | Armature | Rail base Rail coating
7075 Al OFHC Copper Cartridge brass
7075 Al OFHC Copper 4340 Steel
7075 Al OFHC Copper Aluminum

4340 Steel

Fringe Levels
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» Micro impacts with mm level on the interface between
armature and rail at a high speed are very likely to
Induce the appear of gouging.

» High density and high pressure material flow
generated from impact obliquely extrudes into the rall,
llustrates the formation process of gouging.

» For any pair of contact materials , there is a threshold
velocity for the formation of gouging. And below the
velocity, rail galling is more likely to appear.

» Gouging can be suppressed by controlling the rall
bulge size to a certain range and selecting suitable
materials for rail surface coating.
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